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Reducing anhydrous ammonia application 
by optimizing distribution 
Abstract: Anhydrous ammonia is one of the most popular ways to fertilize U.S. crops. As it has risen in 
cost, farmers and researchers have been seeking more efficient ways to apply this nitrogen fertilizer. 
Background Approach and methods 
Large amounts of commercial nitrogen fertil­
izer are applied to Iowa corn, and to crops such Experiments conducted between August 1999 
as wheat and cotton in other parts of the United and April 2002 evaluated NH3 manifold distri-
States. Anhydrous ammonia (NH3) is the most bution during field application at 75 lb N/a and 
popular form of applying commercial nitro- 150 lb N/a application rates. Conventional, 
gen. In preparation for the 1999 crop year, 1.4 Vertical-Dam, Rotaflow™, Equa-flow™, FD-
billion pounds of nitrogen were applied as NH3 
1200 prototype, and a new prototype manifold 
in Iowa and 9 billion pounds were applied named Impellicone were evaluated. 
nationwide. Although crop rotation and ma­
nure utilization decrease the amount of nitro- Additional field experiments were conducted 
gen purchased off-farm, nitrogen in the form to measure variation in yield, stalk-N concen­
of NH3 continues to be applied to many of 
tration, and the nitrogen content of harvested 
Iowa’s corn acres because of its low cost and grain, for corn with NH3 fertilizer. Nitrogen 
existing distribution network. The rising cost was applied with the conventional, Vertical-
of NH  has made effective application even Dam, Rotaflow™, and FD-1200 prototype 3
more important to farmers. manifolds at an application rate goal of 75 lb 
N/ac. Applications were made with each outlet 
Physical properties of NH3 cause it to convert 
on the manifold plumbed to one applicator 
from a high-pressure liquid to a mixture of knife (normal) and with manifold outlets redi­
liquid and gas when the pressure decreases as rected so that some knives received no NH
it travels through application equipment. This while other knives received twice the rate goal 
liquid/gas mixture is very difficult to distrib- (modified). For two years of the study, NH3 
ute evenly and consistently to individual ap- was applied and a third year displayed only the 
plicator knives across the swath width of the residual amount form the previous year. Rows 
applicator. Perhaps because of these distribu- were harvested singly to record yields and 
tion problems, applicator operators tend to collect a grain sample. 
over-apply nitrogen. Individual case-study 
measurements of applicators commonly have 
shown some individual knives applying three Results and discussion 
or four times the amount of NH3 being applied 
by other knives on the same applicator. Im­
proving the uniformity of applicator distribu- Seven experiments allowed a comprehensive 
tion would give equipment operators more look at the NH3 distribution performance of 16 
confidence that plants in individual rows were different manifold configurations. There was 
being correctly fertilized and allow them to no significant effect on distribution unifor­
lower application rates. 
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mity comparing seven to 11 evenly spaced 
outlets on a radial manifold. The conventional 
manifold consistently had the poorest distri­
bution uniformity. Re-plumbing the manifold 
so that adjacent knives received flow from 
different manifold regions decreased concen­
trated over- or under-application on both sides 
of a row. Newer manifold styles generally had 
better distribution. 
Analysis of temperature and pressure data 
indicated that NH3 flowing through the system 
remains near the boiling point (i.e., it very 
closely follows the saturation line). Predic­
tions of the amount of NH3 in liquid and vapor 
phases, assuming it is boiling (saturated condi­
tions), would be acceptable. Investigation for 
a relationship between application variability 
and air temperature or percent of volume in the 
vapor phase of NH3 exhibited a significant 
relationship only between application vari­
ability and percent of volume in the vapor 
phase of NH3 for the conventional manifold. 
Results from the additional field experiments 
showed a statistically significant relationship 
between nitrogen application rate and stalk-N 
concentration for all three years. Relation­
ships were not statistically significant between 
nitrogen content of grain and other factors 
observed. Small variations in application rate 
between the normally plumbed manifolds did 
not result in statistical yield differences. 
Conclusions 
Based on data collected and analyzed from 
various field conditions, the following conclu­
sions can be offered: 
1.	 At the 75 lb N/a rate, all non-conventional 
manifolds had significantly lower appli­
cation variations than the conventional 
manifold. At the 150 lb N/a rate, the Ver-
tical-Dam with a cotton ring, Rotaflow™, 
Equa-flow™, and the Impellicone had sig­
nificantly lower application variations than 
the Vertical-Dam with corn ring or con­
ventional manifolds tested. 
Buckets on the 
applicator temporarily 
collect flow routed 
from manifold 
distribution ports. 
Improved distribution of 
anhydrous ammonia 
fertilizer application 
equipment discourages 
excessive nitrogen 
application. In field 
tests, plumbing 
techniques and newer 
manifold styles have 
improved row-to-row 
distribution allowing 
less total fertilizer to be 
applied. 
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Checking anhydrous 
ammonia applicator 
operation before 
inserting knives into 
the soil. 
2.	 A relationship between corn grain yield 
and N application rate was seen at one of 
the two experimental sites. At the other 
site, no correlation was seen between the 
factors during the application year or the 
following season without N application 
(residual N only). 
3.	 Because small variations between appli­
cation rates did not affect yield, and mod­
erate over-application did not result in any 
yield increase, the “insurance” applica­
tion could be eliminated, assuming that 
the minimum application rate is met. Mani­
folds with less variation in application rate 
between knives allow for lower applica­
tion rates and still have all knives meet a 
minimum application goal. At $225/ton of 
NH3, $1.82 per hectare ($0.74/ac) in NH3 
cost may be eliminated by reducing varia­
tion through use of a Vertical-Dam mani­
fold rather than a conventional manifold. 
If the application area is sufficient, the 
savings in NH3 material cost can offset the 
purchase price of a new manifold in one 
year. 
Impact of results 
When growers modify the equipment and im­
prove distribution, less nitrogen is applied. 
U.S. farmers spent nearly $1.5 billion for the
9.66 billion pounds of ammonia applied in
1996. Reducing ammonia application by just 5 
percent because of improved uniformity due 
to re-plumbing or using an improved manifold 
design results in savings of $75 million. 
Grower and industry interest in this project has 
been exceptional. A newly designed manifold 
is being investigated by one company and 
there is a patent pending. Although much 
emphasis has been placed on site-specific ap­
plication of fertilizer nutrients by electronic 
control of main flow on applicators, improve­
ment of underlying distribution mechanics of 
equipment will significantly reduce the 
amounts of wasted fertilizer released into the 
environment. 
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Education and outreach 
Two manuscripts are being prepared for pub­
lication in a scientific journal. Three papers 
were delivered at American Society of Agri­
cultural Engineers national meetings. A bulle­
tin for the general public was developed and 
published to report on the applied research 
work. Successful Farming published four ar­
ticles about the new methods and equipment to 
improve efficiency and reduce applications. 
Work from the project was also covered in No-
Till Farmer magazine. Other regional public­
ity included radio interviews, press releases, 
and newsletter articles. 
Outreach was directed toward crop consulting 
professionals, individual applicators, Exten­
sion staff, and scientific peers. Training ses­
sions were offered for several agribusinesses, 
agricultural chemical dealers, and ISU Exten­
sion personnel. Thirty-two meetings and 11 
field day demonstrations were attended by 
1,510 chemical applicator operators. 
For more information 
contact H. Mark Hanna, 
Agricultural and 
Biosystems Engineer­
ing, Iowa State Univer­
sity, Ames, Iowa 
50011; (515) 294-0468, 
e-mail 
hmhanna@iastate.edu 
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